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ABSTRACT                        Cytological studies were performed in 25 populations of six Silene species of 
the sections Inflatae Boiss., and Auriculatae Boiss., S. odontopetala Fenzi, S. vulgaris (Moench) 
Garcke, S. pungens Boiss., S. aucheriana Boiss., S. sisianica Boiss. & Buhse, and S. pseudaucheriana 
Melzh., showing 2n = 2x = 24 and 48. These are the first chromosome number reports for all six 
species. Among twelve populations of S. aucheriana, two populations had 2n=4x= 48 chromo-
some number, while the others had 2n=2x=24. ANOVA revealed significant chromosomal differ-
ences among S. aucheriana, S. odontopetala and S. vulgaris. ANOVA test also showed significant 
differences among sections, indicating the occurrence of significant quantitative changes in 
chromosome size during the species diversification. Meiotic analysis of S. odontopetala and S. 
aucheriana populations showed mainly bivalents and univalents in the metaphase of meiosis 
I, although some quadrivalents were observed too. Significant differences were formed for all 
meiotic characteristics among the sections studied, indicating a change in the number of genes 
controlling chromosome pairing and also heterozygote translocations as one of the adaptive 










Table 1. Karyotype features in Silene species and populations studied.
Species Locality Section 2n Poloidy 
level
TL L S L/S X St A1 A2 TF% CV Karyotype 
formulae
Silene aucheriana Oshtoran-kooh Auriculatae 48 4x 82.20 4.53 2.58 1.76 3.42 2A 0.77 0.26 44.35 26.30 23m+1sm
S. aucheriana Angooran-kooh 24 2x 38.65 4.03 2.40 1.68 3.22 1A 0.79 0.15 44.23 15.50 12m
S. aucheriana Bijar 24 2x 43.97 2.66 2.19 1.21 3.66 1A 0.77 0.16 43.59 16.10 12m
S. aucheriana Chakol Baza-kooh 24 2x 37.40 4.23 2.29 1.85 3.12 1A 0.78 0.17 43.64 17.60 11m+1sm
S. aucheriana Firroz-kooh 24 2x 36.63 3.81 2.23 1.71 3.05 1A 0.78 0.15 43.73 15.10 12m
S. aucheriana Tehran, Dizin 24 2x 33.44 3.60 1.90 1.89 2.79 1A 0.79 0.17 43.90 17.60 11m+1sm
S. aucheriana Zarineh 48 4x 56.80 3.40 1.64 2.07 2.37 1B 0.78 0.17 43.85 16.90 24m
S. aucheriana Zanjan 24 2x 32.66 3.53 1.93 1.83 2.72 1A 0.77 0.17 43.29 17.60 11m+1sm
S. aucheriana Shahvar 24 2x 46.13 5.33 2.64 2.02 3.85 1B 0.73 0.21 41.95 20.80 11m+1sm
S. aucheriana Manjil 24 2x 32.93 3.53 2.26 1.56 2.74 1A 0.76 0.13 46.41 13.50 11m+1sm
S. aucheriana Neoor 48 4x 66.15 3.70 1.82 2.03 2.76 1B 0.72 0.16 41.48 15.90 23m+1sm
S. aucheriana Haraz 24 2x 49.82 4.98 3.14 1.59 4.15 1A 0.76 0.14 43.10 14.00 12m
S. pseudoaucheriana Oshtoran-kooh Auriculatae 48 4x 87.03 5.33 2.41 2.21 6.96 1B 0.76 0.10 42.92   9.90 24m
S. sisianica Ghooshchi Auriculatae 48 4x 72.22 3.88 2.05 1.89 3.01 1A 0.74 0.15 42.36 15.00 23m+1sm
S. odontopetala Binalood Inflatae 24 2x 54.84 5.93 2.58 2.30 4.57 1A 0.72 0.18 42.00 18.00 11m+1sm
S. odontopetala Chakol 24 2x 48.16 5.17 3.04 1.70 4.01 1A 0.71 0.15 42.00 15.00 11m+1sm
S. odontopetala Tehran, Dizin 24 2x 52.76 5.87 3.01 1.95 4.40 1A 0.74 0.19 42.12 19.00 12m
S. odontopetala Oshtoran-kooh 24 2x 38.21 4.41 3.02 1.46 3.18 1A 0.75 0.18 42.64 18.00 12m
S. odontopetala Tehran, Touchal 24 2x 50.92 5.97 2.22 2.69 4.24 1B 0.67 0.23 39.93 23.00 9m+3sm
S. odontopetala Shahdej 24 2x 54.34 5.82 2.60 2.24 4.53 1A 0.44 0.18 43.59 18.00 12m
S. odontopetala Gajereh 24 2x 32.87 3.66 3.08 1.19 2.74 1A 0.73 0.16 41.96 16.00 12m
S. vulgaris Siahbisheh Inflatae 24 2x 50.51 5.42 2.88 1.88 4.21 1A 0.76 0.18 43.24 18.00 12m
S. vulgaris Panjab 24 2x 40.38 4.35 2.23 1.95 3.36 1A 0.77 0.18 43.40 18.00 12m
S. vulgaris Shahdej 24 2x 39.00 4.24 2.41 1.76 3.25 1A 0.79 0.16 44.08 16.00 12m
S. vulgaris Firroz-kooh 24 2x 30.62 3.42 2.00 1.71 2.55 1A 0.78 0.15 43.96 15.00 12m
S. pungens Urmiyeh Inflatae 24 2x 31.93 3.59 1.87 1.92 2.66 1A 0.76 0.18 43.24 18.00 12m
Abbreviations: TL = Total chromosome length, L = Longest chromosome, S = Shortest chromosome, Ratio = Longest/shortest chromosome, X = Mean chromosome 
length, A1 and A2 = Romero-Zarco indices, TF = Total form percentage and CV = Coefficient of variation.
Statistical analyses
Table 2. Meiotic characteristics in Silene species and populations.
Species Section ROD RB IV IX TX TOX
S. odontopetala Khalil-Kooh Inflatae 5.18 6.20 0.32 3.68 17.50 21.12
S. odontopetala Gajereh Inflatae 5.26 6.48 0.19 3.03 18.61 21.51
S. odontopetala Touchal Inflatae 5.00 6.73 0.23 3.77 18.80 22.42
S. odontopetala Veresk Inflatae 5.62 6.22 0.09 2.31 18.12 20.40
S. odontopetala Shahdej Inflatae 5.91 5.79 0.12 9.54 10.24 19.76
S. pungens Urmeiyeh Inflatae 4.52 6.55 0.32 4.51 15.52 20.03
S. aucheriana Alamoot Auriculatae 5.23 4.31 0.85 4.44 17.08 19.38
S. aucheriana Semnan Auriculatae 4.83 6.52 0.48 2.69 18.69 21.62
S. aucheriana Sahand Auriculatae 4.59 6.50 0.41 2.59 18.91 21.50
S. aucheriana Dizin Auriculatae 5.78 5.00 0.61 2.83 16.78 19.53
S. aucheriana Golestan-kooh Auriculatae 4.00 3.50 0.17 1.50 11.50 13.00
S. aucheriana Nizva Auriculatae 5.90 4.83 0.37 3.83 16.03 19.87
S. sisianica Khalil-Kooh Auriculatae 8.50 3.50 0.00 2.00 14.50 16.50
Abbreviations: ROD=Rod bivalents, RB=Ring bivalents, IV=Quadrivalents, IX=Intercalary chiasmata, TX=Terminal chiasmata, TOX=Total chiasmata. 
Table 3. Pearson correlation among karyotype features in sect. Auriculatae. 
L S RATIO X ST A1 A2 TF CV
L               Pearson Correlation           
                 Sig. (2-tailed)
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A1              Pearson Correlation 
                   Sig. (2-tailed)




























A2              Pearson Correlation 
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TF              Pearson Correlation 
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CV             Pearson Correlation 
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** = Correlation is significant at 0.01 level (2-tailed). * = Correlation is significant at 0.05 level (2-tailed).
Figure 1. Representative somatic metaphase cells in the Silene species studied. A-C= Firooz-kooh, Noshahr and Neor populations of S. aucheriana 
showing 2n=24 (arrow indicates B-chromosome), 2n = 24 (A, B) and 2n=48 (C), respectively. D= Gajereh population of S. odontopetala show-
ing 2n=24.  E= Urmeiyeh population of S. pungens showing 2n=24 (arrow indicates B-chromosome).  F and G= Firooz-kooh and Seiyahbisheh 
populations of S. vulgaris showing 2n=24 (arrow indicates B-chromosome). H and I = Angooran and Bijar populations of S. aucheriana showing 
2n=24. J= Aomatic cell in S. pseudaucheriana showing 2n=48. Scale bar = 10 µm. 
Results and Discussion
Karyotype analysis 
L S RATIO X ST A1 A2 TF CV
L               Pearson Correlation                
                 Sig. (2-tailed)
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** = Correlation is significant at 0.01 level (2-tailed). * = Correlation is significant at 0.05 level (2-tailed).
Table 4. Pearson correlation among karyotype features in sect. Inflatae.
Figure 2. Representative ideograms of karyotypes in some populations of the six Silene species studied (cf. Table 1). 
Figure 3. Representative meiotic cells in the Silene species studied. A= Metaphase I cell showing quadrivanet formation (arrow) in Dizin popula-
tion of S. aucheriana. B= Metaphase I cell showing B-chromosomes (arrow) in Shadej population of S. odontopetala. C= Metaphase I cell showing 
B-chromosomes (arrow) in Urneiyeh population of S. pungens. D= Metaphase I cell showing B-chromosomes (arrow) in S. pungens. E= Anaphase-I 
cell showing laggard chromosomes in Gajereh population of S. odontopetala. F= Meiocyte showing chromosome clumping in S. aucheriana. G 
and H= Tripolar cells in S. pungens and S. odontopetala, repectively. I and J= Multipolar cells in S. odontopetala and S. aucheriana, repectively. 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix 2. Meiotic characteristics in Silene species.
Species Section ROD RB IV IX TX TOX
1 S. odontopetala Inflaltae 5.18 6.20 0.32 3.68 17.5 21.12
2 S. odontopetala Inflaltae 5.26 6.48 0.19 3.03 18.61 21.51
3 S. odontopetala Inflaltae 5.00 6.73 0.23 3.77 18.8 22.42
4 S. odontopetala Inflaltae 5.62 6.22 0.09 2.31 18.12 20.40
5 S. odontopetala Inflaltae 5.91 5.79 0.12 9.54 10.24 19.76
6 S. pungens Inflaltae 4.52 6.55 0.32 4.51 15.52 20.03
7 S. aucheriana Auriculatae 5.23 4.31 0.85 4.44 17.08 19.38
8 S. aucheriana Auriculatae 4.83 6.52 0.48 2.69 18.69 21.62
9 S. aucheriana Auriculatae 4.59 6.50 0.41 2.59 18.91 21.50
10 S. aucheriana Auriculatae 5.78 5.00 0.61 2.83 16.78 19.53
11 S. aucheriana Auriculatae 4.00 3.50 0.17 1.50 11.50 13.00
12 S. aucheriana Auriculatae 5.90 4.83 0.37 3.83 16.03 19.87
13 S. sisianica Auriculatae 8.50 3.50 0.00 2.00 14.50 16.50
14 S. bupleurides ssp. Scalrocalycinae 2.42 9.58 0.00 1 5.17 14.70 19.88
15 S. bupleuroides Scalrocalycinae 2.93 9.03 0.00 5.23 17.00 22.23
16 S. eremtica Scalrocalycinae 3.94 8.06 0.00 3.24 17.18 20.42
17 S. stapfii Scalrocalycinae 1.97 10.03 0.00 4.87 17.13 22.00
18 S. shahrudensis Scalrocalycinae 2.88 9.13 0.00 6.00 15.63 21.63
19 S. shahrudensis Scalrocalycinae 1.43 10.57 0.00 5.14 18.29 23.43
20 S. peduncularis Scalrocalycinae 2.91 9.09 0.00 4.17 17.74 21.91
21 S. peduncularis Scalrocalycinae 3.93 8.00 0.00 3.23 17.13 20.37
22 S. avromna Scalrocalycinae 1.06 10.94 0.00 7.06 15.53 22.59
23 S. avromna Scalrocalycinae 1.89 10.11 0.00 7.93 12.41 20.26
24 S. avromna Scalrocalycinae 3.39 8.61 0.00 2.77 18.84 21.65
25 S. caesarea Scalrocalycinae 3.48 8.52 0.00 3.87 17.58 21.45
26 S. caesarea Scalrocalycinae 6.18 5.79 0.00 1.55 16.7 18.24
27 S. caesarea Scalrocalycinae 3.95 8.05 0.00 2.5 17.91 20.41
28 S. caesarea Scalrocalycinae 3.43 8.57 0.00 4.5 16.36 20.86
29 S. caesarea Scalrocalycinae 3.77 8.23 0.00 3.97 16.34 20.31
30 S. caesarea Scalrocalycinae 5.77 6.23 0.00 4.54 14.69 18.85
31 S. caesarea Scalrocalycinae 2.93 9.07 0.00 6.53 14.07 20.6
32 S. chlorifolia Scalrocalycinae 2.77 9.18 0.00 7.5 12.64 20.14
33 S. swertiifolia Scalrocalycinae 2.83 9.11 0.00 6.56 14.72 21.28
34 S. swertiifolia Scalrocalycinae 5.06 6.94 0.00 4.37 14.54 18.91
35 S. swertiifolia Scalrocalycinae 2.73 9.27 0.00 2.82 18.18 21.00
36 S. swertiifolia Scalrocalycinae 3.00 8.91 0.00 7.91 14.91 22.82
37 S. swertiifolia Scalrocalycinae 2.82 9.18 0.00 8.64 12.05 20.68
38 S. swertiifolia Lasiostemones 0.25 0.23 0.00 0.06 0.66 0.72
39 S. marschallii Lasiostemones 0.35 0.13 0.00 0.06 0.81 0.86
40 S. marschallii Lasiostemones 0.33 0.16 0.00 0.08 0.76 0.84
41 S. marschallii Lasiostemones 0.37 0.13 0.04 0.14 0.80 0.94
42 S. propinqua Lasiostemones 0.34 0.15 0.00 0.12 0.67 0.79
Abbreviations: ROD=Rod bivalents, RB=Ring bivalents, IV=Quadrivalents, IX=Intercalary chiasmata, TX=Terminal chiasmata, TOX=Total chiasmata. 
B-chromosomes 
Unreduced pollen grains formation 
Figure 4. UPGMA dendrogram of Silene species and sections based on karyotype data. OUT numbers correspond to the numbers in Appendix 
1. 
Section classification 
Figure 5. UPGMA dendrogram of Silene species and sections based on meiotic data. OUT numbers correspond to the numbers in Appendix 2. 
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